Results
mick and Pape, 1990; Leresche et al., 1991). The presence of the slow oscillation was dependent on the concentration of trans-ACPD, with a lower concentration Application of trans-ACPD Leads to the Generation of a Slow Oscillation (50 M) leading to a reduced prevalence (n ϭ 4 of 20; 20%) accompanied by a smaller depolarization (⌬V m ϭ In control conditions, TC neurons exhibited a resting membrane potential of Ϫ66 Ϯ 1 mV and therefore did 11 Ϯ 3 mV), while a higher concentration (125 M) led to an increased prevalence (n ϭ 8 of 10; 80%) accompanot exhibit spontaneous action potential firing (n ϭ 83) ( Figure 1A) . However, application of the nonspecific nied by a larger depolarization (⌬V m ϭ 21 Ϯ 3 mV).
The trans-ACPD-induced slow (Ͻ1 Hz) oscillation was Group I/II mGluR agonist, trans-ACPD (100 M), depolarized TC neurons (⌬V m ϭ 17 Ϯ 1 mV; n ϭ 83) and characterized by prominent up and down states, which were separated by 15-25 mV ( Figures 1A and 1B) . This typically caused them to exhibit either sustained tonic firing (n ϭ 52) or repetitive high-threshold (HT) (ϾϪ55 led to a bimodal distribution of membrane potential with the two modes located between ‫ف‬Ϫ75 to Ϫ65 mV and mV) bursting at alpha (␣) (8-15 Hz) or theta () (3-7 Hz) frequencies (n ϭ 15) ( Figures 1A and 1B 1 ). In addition, ‫ف‬Ϫ55 to Ϫ45 mV (see Supplemental Figure S2B at http:// www.neuron.org/cgi/content/full/33/6/947/DC1). Each the majority of neurons (n ϭ 54 of 83; 65%) became able to generate a slow (Ͻ1 Hz) membrane potential down state was encompassed in a stereotypical large hyperpolarizing potential (LHP) ( Figure 1B 2 ) that was inioscillation ( Figures 1A, 1B 2 , and 1B 3 pulses elicited from Ϫ60 mV was monophasic, with cells exhibiting an apparent input resistance of 192 Ϯ 15 M⍀ (n ϭ 83) ( Figures 3A 1 and 3B 1 ) . Following the application not observed in response to small current pulses, with cells continuing to exhibit monophasic charging, albeit of 100 M trans-ACPD in neurons that exhibited the slow oscillation, this response was markedly altered, with a 50% Ϯ 12% (n ϭ 29) increase in apparent input resistance ( Figures 3B 1 and 3B 2 ). However, a prominent with small current pulses causing a stereotypical hyperpolarizing voltage waveform that was the same as the ADP was unmasked in these neurons ( Figure 3B 2 ) (cf. Turner and Salt, 2000), suggesting that different mecha-LHP evident during the slow oscillation ( Figures 3A 2 and  3A 3 ). In these neurons, the apparent input resistance in nisms underlie the LHP and ADP. As expected from previous studies (Williams et al., 1997; Hughes et al., the range Ϫ60 to Ϫ80 mV could be as high as 2.5 G⍀ (1.01 Ϯ 0.1 G⍀; n ϭ 54), leading to an overall increase 1999), the apparent input resistance in control conditions was found to be a good predictor of whether or of 419% Ϯ 81% (n ϭ 54). The current pulse-induced LHP was always terminated by an LTCP that, in turn, not TC neurons would exhibit an LHP-ADP sequence, and thus a slow oscillation, following trans-ACPD appliwas always followed by a slowly decaying (up to 30 s) afterdepolarization (ADP). This ADP was also clearly cation, with nonoscillating cells displaying a significantly lower predrug value (113 Ϯ 19 M⍀; n ϭ 29) than oscillatapparent during the up state of the slow oscillation (Figure 3A 3 ) . Thus, the essential features of the slow oscillaing cells (220 Ϯ 17 M⍀; n ϭ 54) (p Ͻ 0.001). Accordingly, the likelihood of observing a slow oscillation following tion were reproduced through the injection of hyperpolarizing current pulses.
trans-ACPD application increased as a function of the apparent input resistance in control conditions. Neurons In neurons that did not exhibit the slow oscillation following trans-ACPD application, an LHP response was exhibiting values Ͻ100 M⍀ never generated a slow oscil-LHP and ADP can be explained by a simple reduction in g Leak , the outcome of applying trans-ACPD and of artificially reducing g Leak with a dynamic clamp system (Hughes et al., 1999) was compared in the same TC neuron (n ϭ 5). By performing this procedure, it was found that the effects of certain levels of artificial g Leak reduction (g Leak ϭ Ϫ4.0 Ϯ 0.7 nS) and trans-ACPD application (125 M) were indistinguishable ( Figure 3C ). For both scenarios, small hyperpolarizing current pulses caused an identical LHP-ADP sequence ( Figure 3C ). In addition, the effects of trans-ACPD were fully reversed following an equivalent dynamic clamp-induced artificial increase in g Leak (g Leak ϭ ϩ4.0 Ϯ 0.7 nS) ( Figure 3C 2 ). Thus, the appearance of the LHP and ADP following trans-ACPD application can be fully accounted for by a reduction in g Leak .
The Slow Oscillation Arises through the Activation of mGluR1a
The actions of trans-ACPD in bringing about the slow (Ͻ1 Hz) oscillation were mimicked by the Group I mGluR (i.e., mGluR1a and mGluR5) agonist, DHPG (50 M; n ϭ 6 of 9) ( Figure 
a Slow Oscillation
In order to test whether the physiological release of glutamate can cause the appearance of the slow (Ͻ1 lation, while neurons exhibiting values in the ranges 100-150 M⍀ and 151-200 M⍀ generated a slow oscillation Hz) oscillation, the response of TC neurons to tetanic stimulation of corticothalamic (CT) fibers was examined. in 42% and 75% of cases, respectively, and neurons exhibiting values Ͼ200 M⍀ did so in 92% of cases.
In a substantial number of cells (n ϭ 9 of 16; 56%) that showed no rhythmic activity in control conditions, In order to demonstrate that the appearance of the . These points were reinto an uncoupling of the up and down states of the slow forced by observing that subsequent introduction of an oscillation and the appearance of two distinct, stable artificial I T (g T ϭ 124 Ϯ 36 nS; n ϭ 5) using a dynamic clamp system reinstated bistability and the LTCP (Figresting membrane potentials (i.e. , membrane potential (Figure 8A 2 ) . The voltage waveform of the oscillation at frequencies below 1 Hz was similar to that observed experimentally ( Figure 8A 1 ) . However, the range of currents for which a slow oscillation existed was extremely narrow (Ͻ1.5 pA) ("slow" in Figure 8A 2 ). Thus, with g CAN ϭ 0 nS, the model is unable to support the stable generation of a slow oscillation and also does not exhibit grouped ␦ oscillations.
The model was next examined in the presence of I CAN ( Figure 8B ). Under these conditions, although oscillatory frequency showed an initial increase followed by a sharp decrease in response to increasing injected d.c. current, the sharp decrease was followed by a region where oscillation frequency gradually decreased from 0.24 to 0.06 Hz over a relatively large range of injected d.c. currents (75 pA, i.e., Ϫ85 to Ϫ10 pA, for g CAN ϭ 10 nS) ("slow" in Figure 8B 2 ). The mean rate of decrease of frequency with respect to current for this region (0.0024 Hz pA Ϫ1 ) was similar to that observed in experiments (e.g., 0.0023 Hz pA Ϫ1 or from 0.41 to 0.2 Hz over 90 pA for the example shown in Figure 8C ). Thus, I CAN stabilizes the slow oscillation over a wide range of conditions. I CAN and facilitate the transition from the down to up state. and local ethics committee guidelines. All efforts were made to were similar to those observed experimentally in the presence of trans-ACPD. In order to describe I CAN , we adapted a kinetic scheme minimize animal suffering and the number of animals used. Young adult cats (1-1.5 kg) were deeply anaesthetized with a mixture of described by Destexhe et al. (1996) 
